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Local determinations of the Hubble constant H0 favour a higher value than Planck based on CMB
and ΛCDM. Through a model-independent expansion, we show that low redshift (z . 0.7) data
comprising baryon acoustic oscillations (BAO), cosmic chronometers and Type Ia supernovae has a
preference for Quintessence models that lower H0 relative to ΛCDM. In addition, we confirm that
an exponential coupling to dark matter cannot alter this conclusion in the same redshift range. Our
results leave open the possibility that a coupling in the matter-dominated epoch, potentially even
in the dark ages, may yet save H0 from sinking in the string theory Swampland.
INTRODUCTION
Last century Allan Sandage framed cosmology as the
search for two numbers [1]. 50 years later, it is widely
accepted that the deceleration parameter q0 is negative
[2, 3], and the Hubble constant H0 is known to within
10 % [4–8], making it one of the best measured quantities
in late-time cosmology. At the lower end of this H0 win-
dow, one finds the Planck determination based on the
cosmological model ΛCDM and the Cosmic Microwave
Background (CMB) [4]. In contradistinction, a host of
local determinations favour higher values [5–8], resulting
in Hubble tension [9], an intriguing discrepancy between
early and late Universe determinations of H0.
The convergence of different experiments suggests that
a high local H0 is legit (to lose one experiment, may be re-
garded as a misfortune; to lose all looks like carelessness).
One logical possibility, advocated by the Swampland pro-
gramme within string theory [10] is that we replace Λ
with Quintessence [11, 12], the simplest alternative in ef-
fective field theory (EFT). Against this backdrop, our
goal is to ascertain if H0 is raised or lowered relative to
ΛCDM by the Swampland.
To date the Swampland [13] has led to an intriguing
web of conjectures (see [14, 15] for reviews), which re-
markably impinge on the real world. The most conse-
quential precludes de Sitter vacua [16] and is in conflict
with ΛCDM [10]. Subsequent to-and-fro discussion led
to a refinement [17, 18] (also [19]), thus allowing the con-
jecture to co-exist with the Higgs’ potential [20]. Never-
theless, the de Sitter conjecture is constrained by cosmo-
logical data [21–23] and it was highlighted early on that
Hubble tension may be an issue [24].
Here, we return to the Hubble tension thread within
the context of generic Quintessence models [11, 12]. Re-
call that “Quintessence” may be defined as a canonically
coupled scalar with scalar potential V > 0 and an equa-
tion of state (EoS) for dark energy that is bounded below
w ≥ −1. However, the latter can be relaxed within EFT
by coupling dark matter to dark energy through “cou-
pled Quintessence” [25–27]. While it is known that a cou-
pling allows one to effectively reduce w and hence to raise
H0 [28, 29], in contrast, specific uncoupled Quintessence
models lower H0 [30–33] (see also Table I [34]) [61], thus
implying that H0 is in the Swampland. In this letter we
show that this is more generally true.
In contrast to models with fixed potentials, e. g. [37–
41], here we exploit perturbation at low redshift to work
in a model-independent way. In short, we construct a
large class of “bottom-up” potentials, which we confront
with direct measurements of the Hubble parameter H(z)
inferred from cosmic chronometers and BAO [42]. In ad-
dition, we include isotropic BAO measurements by 6dF
[43] and SDSS-MGS surveys [44], and determinations of
E(z) ≡ H(z)/H0 from type Ia supernovae [45] (see also
[46]). Finally, we allow for an exponential potential,
which is the dark matter-Quintessence coupling of choice
in string theory.
Our findings are simply expressed. Quintessence mod-
els prefer a lower H0 value than ΛCDM. Moreover, nei-
ther a H0 prior [5] nor an exponential coupling to dark
matter - provided it is constrained by galaxy warps
[47, 48] - can change the conclusion in the redshift range.
Models where the coupling is turned on earlier are still
viable, but only at higher redshifts, namely within the
matter-dominated era (0.4 . z). Furthermore, if the cou-
pling is turned on in the dark ages beyond z ≈ 6 [34], a
proper test of such a scenario may rest upon future devel-
opments in 21-cm cosmology [49, 50]. Nevertheless, this
loophole aside, low-redshift observations place the de Sit-
ter conjecture [16] at odds with local determinations of
H0, since models championed by the conjecture only ex-
acerbate Hubble tension.
SET-UP
We consider flat FLRW spacetime and the following
coupled Quintessence equations:
H2 =
1
3
(
V +
1
2
φ˙2 + f
ρc
a3
+
ρb
a3
)
, (1)
0 = φ¨+ 3Hφ˙+ ∂φV +
ρc
a3
∂φf, (2)
where dots denote time derivatives, a is the scale factor
and H ≡ a˙a is the Hubble parameter. In addition, f(φ)
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2is a coupling between the dark matter density ρc and
the Quintessence field φ, while ρb denotes the baryonic
matter density. Observe that setting f = 1, we recover
uncoupled Quintessence with matter density ρm = ρc +
ρb. These equations allow an effective EoS weff < −1
when f < 1 [27]. Concretely, we consider f = e−C(φ−φ0)
where φ0 and C ≥ 0 are constant. Finally, observe that
we have set Mp = 1 for simplicity.
We emphasise that the basic ingredients of equations
(1) and (2), i. e. a canonically coupled scalar, a potential
and an exponential coupling are ubiquitous in low-energy
effective descriptions of string theory, e. g. [51–57], thus,
the basic building blocks of the Swampland are in place.
Now, to solve these equations, we recall the usual defini-
tion of the scale factor in terms of redshift a = (1 + z)−1,
normalised so that a = 1 today. Using the chain rule, one
establishes that d/dt = −(1 + z)Hd/dz, and it is easy to
recast the Friedmann (1) and scalar equation (2) in terms
of redshift. We consider the following expansion for the
scalar,
φ− φ0 = α z + β z2 + γ z3 + . . . , (3)
around its value today φ0 at z = 0, where α, β and γ are
constants. At small z, φ−φ0 is small, and we can further
expand the potential:
V = V0 + V
′
0(φ− φ0) +
1
2
V ′′0 (φ− φ0)2 + . . . , (4)
where we have defined V0 ≡ V (φ0), V ′0 ≡ V ′(φ0), etc.
The Hubble parameter to third order in redshift is
H = H0(1 + h1z + h2z
2 + h3z
3 + . . . ), (5)
where hi may be expressed in terms of the parameters as,
h1 =
1
2
α2 +
3
2
Ωm0, h2 =
1
8
α4 +
1
4
α2 + αβ − 3
4
αCΩc0 +
3
8
Ωm0(4− 3Ωm0),
h3 =
1
48
α6 +
1
16
α4(Ωm0 + 2) + αγ +
1
16
α2Ωm0 (9Ωm0 − 2) + 1
2
αβ
(
α2 + Ωm0 +
4
3
)
+
2
3
β2
+
1
16
Ωm0
(
8− 36Ωm0 + 27Ω2m0
)
+
(
1
8
α3 +
9
8
αΩm0 − α− 1
2
β
)
Ωc0C +
α2
4
C2Ωc0. (6)
Evidently, when α = β = γ = 0, we recover the ΛCDM
cosmology, while at z = 0, we have H(z = 0) = H0.
Observe that we have employed the usual definitions
Ωc0 = ρc/(3H
2
0 ), Ωb0 = ρb/(3H
2
0 ), Ωm0 = Ωb0 + Ωc0,
to define the baryonic Ωb0 and dark matter density Ωc0
today.
Note that α = β = γ = 0 is our reference model. Since
we are working perturbatively around z = 0, we first es-
tablish the range of validity of the expansion. To see
this, we note that when Ωm0 ≈ 0.3, namely the canoni-
cal Planck value [4], the corresponding values for hi are
h1 ≈ 0.45, h2 ≈ 0.35, h3 ≈ −0.007. Concretely, if
we demand that our expansion is within 1 % of the exact
analytic result, E(z) =
√
1− Ωm0 + Ωm0(1 + z)3, then
the linear, quadratic and cubic approximations are good
to z ≈ 0.18, z ≈ 0.76 and z ≈ 0.82, respectively.
The potential and its derivatives at z = 0 can be ex-
pressed in terms of α, β, γ:
V0H
−2
0 = 3Ωφ0 −
1
2
α2, (7)
V ′0H
−2
0 = −α(h1 − 2)− 2β + 3Ωc0C, (8)
V ′′0 H
−2
0 = −(h21 − 2h1 + 2h2 − 2)− 6
βh1
α
− 6γ
α
− 3Ωc0
(
C2 − 3C
α
)
, (9)
where for a given coupling C, we have a one-to-one corre-
spondence between (α, β, γ) and (V0, V
′
0 , V
′′
0 ). Note also
that Ωφ0 is the dark energy density today Ωφ0 = 1−Ωm0.
The effective EoS can easily be worked out,
weff = −1 + α
2
3Ωφ0
+
z
Ω2φ0
[
α4
3
(Ωφ0 − 1) + α
2
3
Ωφ0(5− 3Ωφ0) + 4
3
αβΩφ0 − αCΩc0Ωφ0
]
+
z2
Ω3φ0
[
α6
6
(Ω2φ0 − 3Ωφ0 + 2) +
α4
6
Ωφ0(17Ωφ0 − 14− 3Ω2φ0) + 2α3βΩφ0(Ωφ0 − 1) +
α2
3
Ω2φ0(10− 9Ωφ0)
+
4
3
αβΩ2φ0(5− 3Ωφ0) +
4
3
β2Ω2φ0 + 2αγΩ
2
φ0 − CΩc0Ωφ0
(
1
2
α3(Ωφ0 − 3) + (3α+ β)Ωφ0
)
+
1
2
α2C2Ωc0Ω
2
φ0
]
+ . . . (10)
3Interestingly, regardless of the value of C, weff > −1 at
z = 0 and a crossing into the phantom regime (weff < −1)
happens only at higher redshift. Note that when C = 0,
we simply denote weff as w.
METHODOLOGY
We begin by generating 106 triples (α, β, γ), in a nor-
mal distribution about (0, 0, 0) with a uniform standard
deviation, which we take to be σ = 0.1 [62]. We impose
a conservative redshift cut-off, zmax = 0.7, and impose
|α| & zmax|β|, |β| & zmax|γ|, |φ− φ0| . 1, (11)
to ensure perturbation makes sense, i. e. higher order
numbers are smaller. Note that these cuts can be imple-
mented without establishing a best-fit value of Ωm0 and
we are not imposing slow-roll.
FIG. 1: Bounds on the CPL parametrisation [35, 36], w(z) =
w0 + waz/(1 + z), which are constructed directly from the
chains of an MCMC exploration of cosmic chronometer, BAO
and supernovae data restricted to z ≤ 0.7.
For the triples surviving these primary cuts, we per-
form two-parameter fits of the data [42–45] [63] and de-
mand that
V0 & |V ′0 · (φ− φ0)| |V ′| &
1
2
|V ′′0 · (φ− φ0)|, (12)
once again to ensure a valid expansion. In addition, we
impose the nominal restriction Ωm0 & 0.2, which is in
line with weak lensing results [58, 59], and impose the 2σ
constraints from FIG. 1, which we have inferred from a
Markov Chain Monte Carlo (MCMC) exploration of cos-
mic chronometer, BAO and Pantheon data below z < 0.7.
Observe that in contrast to [21], our bounds come from
low redshift data, which means they are less constraining,
and for uncoupled models, we impose w(z) > −1.
It is worth emphasising that our expansion is expected
to be valid to z ≈ 0.7, but if we include distance moduli or
angular diameter distance measurements, since they are
integrated quantities, the approximation holds only for
z . 0.3. This allows us to easily accommodate isotropic
BAO at z = 0.106 [43] and z = 0.15 [44], but for higher
redshift BAO we are restricted to just the Hubble mea-
surements. For this reason, there is extra information in
FIG 1. and this leads to additional observational con-
straints. Finally, since we have a large parameter space,
e.g. (H0,Ωm0, α, β, γ, C), one can expect any best-fit val-
ues to be within 1σ of ΛCDM, which ultimately favours
the standard model. However, since our interest here is
exploring the effect on H0 of changing the underlying po-
tential (theory), we simply scan over α, β, γ and C.
Once the cuts are imposed, we are left with a large class
of “bottom-up” Quintessence models, which we further
divide into cosmologies where H0 increases/decreases rel-
ative to the ΛCDM model, i. e. α = β = γ = 0. For
reference, we record the best-fit values in this case,
H0 = 68.03
+1.15
−1.12 km s
−1 Mpc−1,
Ωm0 = 0.30
+0.02
−0.02. (13)
Note that the values are consistent with Planck [4] and
due to our inflated errors, this represents a (lower) ∼
3.3σ discrepancy with the highest local H0 determination
based on cepheid-calibrated supernovae [5].
Once the coupling is introduced, the dark matter par-
ticles are subject to a long-range attractive force with an
effective Newton’s constant Geff = GN (1 +
1
2C
2). While
the CMB constrains the conformal coupling to be C . 0.1
[37, 39], if the coupling is turned on at late-times, e.g.
[34], this constraint can be evaded. Nevertheless, stronger
constraints exist for galaxies up to redshift z ∼ 0.05
[47, 48], whereby C . 0.05. This number will be con-
strained further in future, but here we settle on the value
C = 0.1, which relaxes the latter constraint a bit. Finally,
since baryonic matter is uncoupled, we instead adopt the
Planck prior Ωb0 = 0.05 and only fit H0 and Ωc0.
FIG. 2: Distribution of our 86,353 models, which survive our
cuts, as a function of χ2 versus H0. Dashed green line high-
lights the χ2 for ΛCDM and all models that raise H0 also
increase the χ2 value. In contrast 25,014 models lower both
H0 and χ
2.
4RESULTS
In FIG. 2 we present a plot of the χ2 as a function
of the best-fit H0 for uncoupled models, where a dashed
line denotes the χ2 for the ΛCDM model, α = β = γ =
0. From the plot it is clear that deviations from ΛCDM
that lower H0 are favoured by the data. In contrast,
H0 may increase, but this worsens the fit to the data.
Interestingly, we find no exceptions to this statement in
86,353 random models and we have checked that adding a
H0 prior [5] throughout does not change our conclusions.
FIG. 3: Distribution of 79,496 surviving models as a function
of χ2 versus H0 for the coupling C = 0.1. Here all models
that raise H0 also raise the χ
2, whereas 19,927 models lower
H0 and χ
2.
In FIG. 3 we present the same plot but for coupled
Quintessence models with C = 0.1. We are again making
a comparison to the ΛCDM model. Concretely, here we
first identified triples of (α, β, γ), i. e. potentials where
w > −1, thus ensuring that the uncoupled model is a
bona fide Quintessence model, before adding the cou-
pling. Once the coupling is added, we can enter the
w < −1 region of parameter space and we repeat the
fitting procedure. Thus, the configurations presented in
FIG. 3 are a subset of the FIG. 2 configurations, but sub-
ject to a coupling. Contrasting this figure with the pre-
vious one, slightly higher values of H0 can be obtained,
but since C is small, the effect is not so great. One could
choose a larger coupling, but this would bring us into
conflict with [47, 48].
Finally, we can make some remarks on the universal
constants c, c′ from the de Sitter Conjecture [16–18]. We
find that models that lower H0 occur at smaller values
of |V ′|/V relative to models that raise H0. Ostensibly,
this means that the de Sitter conjecture may theoreti-
cally favour models that raise H0. That being said, such
models have exclusively V ′′ > 0, whereas models that
lower H0 allow V
′′ < 0. For this reason, the Refined
de Sitter Conjecture [17, 18] theoretically favours models
with lower H0 than ΛCDM. Note, this is a statement that
does not rely on χ2, but still makes use of fits to data.
DISCUSSION
With an eye on the de Sitter Swampland conjec-
ture [16], we have performed a scan over (coupled)
Quintessence models at low redshift. Since α, β, γ are in
one-to-one correspondence with V0, V
′
0 , V
′′
0 , our best-fit
values for H0 probe different models (potentials) in the
vicinity of ΛCDM. Within our assumptions and the data
employed we arrive at the conclusion that H0 decreases
relative to ΛCDM in any Quintessence model with an ex-
ponential coupling. Such models are expected to arise
from string theory constructions [53, 54].
Our analysis here is model-independent with a clear
input from field theory, but to turn any of these models
into viable cosmologies, one needs to ensure that there
exists a high redshift completion to CMB. In fact, mod-
ulo the fact that truncating the w0waCDM or CPL model
[35, 36] at linear order in (1 − a) is guaranteed to con-
strain the potential [64], the results of [32] suggest little
will change for uncoupled Quintessence models that ad-
mit a high redshift completion to CMB. So, uncoupled
Quintessence is clearly at odds with high local determi-
nations of H0 [5–8]. In short, if Hubble tension in ΛCDM
is now a “problem” or “crisis”, Quintessence simply in-
stills a sense of panic.
This leaves a coupling between Quintessence and dark
matter as a potential loophole. Here we have focused
on the exponential potential, which is the most natu-
ral from string theory, and imposed strict bounds that
are derived from the absence of differential fifth forces
in galaxy warps [47, 48]. We find that the coupling is
too small to induce any effect within the redshift range.
Indeed, it is clear from (6) that the O(z) term in the
Hubble parameter is unaffected by the coupling, so the
coupling is suppressed near z ≈ 0. With such a small
coupling, any interaction between Quintessence and dark
matter will have to act over an extended redshift range, in
other words beyond the dark energy-dominated regime,
to make progress on Hubble tension. In particular, we
may have to embrace a coupling that acts in the dark
ages [34], which is currently beyond the scope of experi-
ment, but interestingly, this may quickly change [50].
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